ABSTRACT: Breed differences for weight (CW), height (CH), and condition score (CS) were estimated from records (n = 12,188) of 2-to 6-yr-old cows (n = 744) from Cycle IV of the U.S. Meat Animal Research Center's Germplasm Evaluation (GPE) Program. Cows were produced from mating Angus and Hereford dams to Angus, Hereford, Charolais, Shorthorn, Galloway, Longhorn, Nellore, Piedmontese, and Salers sires. Samples of Angus and Hereford sires were 1) reference sires born from 1962 through 1970 and 2) 1980s sires born in 1980 through 1987. The mixed model included cow age, season of measurement and their interactions, year of birth, pregnancy-lactation code (PL), and breedgroup as fixed effects for CW and CS. Analyses of weight adjusted for condition score included CS as a linear covariate. The model for CH excluded PL. Random effects were additive genetic and permanent environmen-
Introduction
Mature size, as a component of efficiency, is more important in beef cattle than in other meat livestock because of low rate of reproduction and high maternal cost of cows (Dickerson, 1978) . The Germplasm Evaluation (GPE) Program (Cundiff et al., 1986) at the U.S. Meat Animal Research Center (USMARC) was designed to evaluate breeds of sires differing in genetic potential for diverse economic traits, such as growth Hereford reference sires were born from 1962 through 1969 (mean = 1,965.7). Angus reference sires were born from 1968 through 1970 (mean = 1,968.8). 1980s Hereford bulls (horned and polled, born in 1982 through 1984) ; and Longhorn, Piedmontese, Charolais, Salers, Galloway, Nellore, and Shorthorn bulls. The numbers of sires and cows from each breed of sire are presented in Table 1 . Original reference sires were repeated over years and cycles to increase ties with previous cycles and to facilitate the pooling of results over all four cycles. The 1980s bulls represented a more current sample of Hereford and Angus sires to account for genetic trend that had occurred within the Hereford and Angus breeds. Therefore, "reference" and "1980s" Angus and Hereford bulls were treated as different breed groups in the analysis. Charolais sires used in Cycle IV (born in 1981 through 1987) also represented a new sample of sires, different from the Charolais bulls used in Cycle I (Arango et al., 2002b) . Details of the sampling of sires and the experimental design have been presented by Cundiff et al. (1998) and Thallman et al. (1999) .
General management was described by Cundiff et al. (1998) . Cows were maintained on improved pasture (late April to late November) of cool-season smooth bromegrass (Bromus inerous) or warm-season mixtures of predominantly big bluestem (Andropogon gerardii), switch grass (Panicum virgatum), Indian grass (Sorghastrum nutans), with some little bluestem (Schizachyrium scoparium), side oats gramma (Bouteloua curtipendula), and sand lovegrass (Eragrostis trichoides). During the winter months, when grass was not available (usually from late November to late April), females were fed supplemental silage or hay. As 2-yr-olds, females were fed a diet containing 70% alfalfa haylage and 30% corn silage (approximately 35% DM, 32 to 43 kg/d). The same diet was fed to the females at 3 yr of age (36 to 38 kg/d). At 4 yr of age and older, females were fed alfalfa hay 4 d/wk and grass hay three alternate days of the week (11 to 14 kg/d). Cows born in the same year were treated as a contemporary group for nearly all analyses. In Cycle IV, that was true for heifers and young cows (yearling to 3-yr-old females); however, when cows reached 4 yr of age or older, they were run in two groups (i.e., those born 1986 to 1988 in one, and those born in 1989 and 1990 in another) . Yearling heifers were weighed at the beginning and end of the mating season, and when palpated for pregnancy. Thereafter, cows were weighed, measured for hip height, and scored for body condition four times each year. One measurement was taken each season: 1) midMay (spring) at the start of the breeding season; 2) early August (summer) at the end of the breeding season; 3) end of October (fall) at palpation for pregnancy following weaning; and 4) early February (winter) before calving. Body condition score was based on a subjective, 9-point classification scale, from extremely thin (1 = very emaciated) to extremely fat (9 = very obese). Each record of a cow was assigned to one of four physiological codes composed of a combination of lactation (1 = not lactating, 2 = lactating) code and pregnancy (1 = not pregnant, 2 = pregnant) code. Data for the present study included records of cows from 2 through 6 yr of age (the oldest age allowed for any cow).
Statistical analyses used single-trait animal models with a derivative-free REML algorithm (Boldman et al., 1995) . Fixed effects were sire line, dam line and their interactions, age and season of measurement and their interactions, year of birth, and pregnancy-lactation code in models for cow weight and body condition score. For cow height, pregnancy-lactation code was excluded. Analyses of weight adjusted for condition score included condition score as a covariate. Adjustment was to the average condition score for the analysis. Separate analyses by age (years) of cow included age in days within season of measurement as extra covariates. Random effects were additive genetic and permanent environmental effects of the cow. Details about models and estimation of variance components were presented by Arango et al. (2002a) .
Estimates of (co)variances at convergence were used with mixed model equations to estimate linear contrasts for breed of sire comparisons. More comparisons were made than there were independent degrees of freedom. Therefore, the error rate may be somewhat different from the nominal indicated by the level of probability. However, the experimental objective was to examine breed-of-sire effects on major economic traits by comparing all breeds of sires with Hereford-Angus (HA) crosses and with each other (Cundiff et al., 1986) . Tests of significance will be guides of whether the observed values could have occurred by chance. The standard breed group for comparison of breeds of sire (within and across cycles) was the HA reciprocal cross. The following nine contrasts were tested for each trait and age at measurement (years): 1) the difference between the average for cows with each breed of sire and the Table 2 . Numbers of cows (N), measurements (n), and unadjusted means (± SD) by age for weight (kg), hip height (cm), and body condition score (points) Differences among crossbred cows will be due to additive genetic effects present in the specific two-breed crosses and to heterosis for a particular cross (e.g., Frahm and Marshall, 1985) . Heterosis was assumed to be of similar magnitude for most crosses because the design effectively confounded breed of sire and specific heterosis effects except for the embedded Hereford-Angus diallel. Cows with Nellore sires would be expected to express extra heterosis resulting from the Bos indicus × Bos taurus cross (Koger, 1980) .
Results and Discussion

Cow Weights
Numbers and means by age of cow are listed in Table  2 . Cows gained weight until 5 yr of age. The largest yearly gain was from 2 to 3 yr of age, accounting for 64% of the total gain from 2 to 6 yr of age. By 4 yr of age, cows had accumulated most (98.6%) of their final weight. Unadjusted means for height did not change much across ages, except between 2 and 3 yr of age, which indicates that stature reaches maturity earlier than weight. Cows had attained 98.5% of their final height by 2 yr of age. Changes in means for condition score (maximum 0.3 point) were minor across ages.
Estimates of breed means for weight by age (years) are shown in Table 3 . Ranking of crossbred cows (by breed of sire) was conserved across ages, in the following order: Charolais (heaviest), Shorthorn, Salers, Hereford, and Angus (1980s sires); Nellore, Hereford, and Angus (reference sires); Galloway, Piedmontese, and Longhorn (lightest). The only exception was that means for cows with Galloway sires (439 kg) were less than those with Piedmontese sires (444 kg) at 2 yr of age.
Estimates of breed-group contrasts are presented in Table 4 . Cows with Charolais sires were consistently heavier (P < 0.01) than HA cows at every age by differences that tended to increase with age, ranging from 32 to 76 kg. Cows with Salers and Shorthorn sires also were heavier than HA cows, but the differences were not significant until 5 and 3 yr of age for Salers and Shorthorn sires, respectively. The Nellore-sired cows did not differ significantly from HA cows. Cows with Longhorn, Galloway, and Piedmontese sires were always lighter than HA cows by differences that tended to increase until 4 yr of age (P < 0.01) and then decreased. At 5 yr of age, the differences were highly significant for cows with Longhorn (−44 kg) and Piedmontese (−32 kg) sires. The difference was highly significant for cows with Galloway (25 kg) sires. At 6 yr of age, the difference was significant only for cows with Longhorn sires. In general, breed group means for cow weight were greater for cows sired by breeds of large size and low milk production (Charolais) than for cows by breeds of sire of large size and moderate milk production (Salers and Shorthorn) and for cows by breeds of sire of moderate size and low milk production (Galloway, Longhorn, and Piedmontese). Cows with Bos indicus sires (Nellore) constituted a separate group and were intermediate for weight. They ranked between Bos taurus breeds of large size and Bos Taurus breeds of moderate size, and ranked, in general, close to HA cows.
The reciprocal HA cows, with reference sires, were heavier than the average of the purebred Hereford and Angus cows by differences that tended to decrease with age: 19 kg at 2 yr (P < 0.01) and 17 kg at 3 and 4 yr (P < 0.05). Earlier studies (e.g., Smith et al., 1976) have reported greater heterosis at younger ages. At 6 yr of age, the difference was only 5 kg (P > 0.05). Estimates of direct heterosis from 2 to 5 yr of age (3 to 4%) were intermediate between those in Cycle I (4 to 6%) and Cycle II (2 to 5%) (Arango et al., 2002b,c) for cow weight. Corresponding differences for cows with 1980s sires (−16 to 6 kg) were not significant at any age. Cows with 1980s Hereford and Angus sires, averaged over straightbred and crossbred matings, were consistently heavier (P < 0.01) than cows with Hereford and Angus reference sires by differences that ranged from 29 to 40 kg. Cows with 1980s Hereford sires also were consistently heavier (44 to 57 kg) than cows with reference Hereford sires (P < 0.01), which represents an increase in cow weight within the Hereford breed. The corresponding estimates for Angus were also positive but significant only to 4 yr of age (22 to 24 kg). On average, cows with 1980s Hereford sires were 10 to 43 kg heavier than cows with 1980s Angus sires. That difference tended to increase with age and was significant for 4-yrold cows and highly significant for older cows. However, cows with Angus reference sires were 9 to 12 kg heavier (P > 0.05) than cows with Hereford reference sires, a result that is consistent with a greater increase in cow weight within the Hereford breed than within the Angus breed. Previous results have indicated earlier maturing patterns in Angus than in Hereford (Smith et al., 1976) . The bulls sampled for this experiment relied heavily on bulls available from the AI industry, especially the Angus bulls. Curve bender (e.g., increased weaning or yearling weights without a proportional increase in mature weight) bulls may have been identified with greater precision and more intensely selected in the Angus breed than in the Hereford breed by the AI industry. Thallman et al. (1999) reported 550-d weights of heifers from Cycle IV. In general, their results agreed with the present study. The ranking of breed groups was the same, except that heifers with Salers sires were slightly heavier than heifers with Shorthorn sires. On average, heifers with Piedmontese, Galloway, and Longhorn sires were 13, 20, and 44 kg lighter than HA heifers at 550 d. The crossbred heifers with Nellore, Charolais, Salers, and Shorthorn sires were 7, 27, 29, and 32 kg heavier than HA heifers. Heifers with Angus dams were 4 kg heavier than heifers out of Hereford dams.
Literature reports for weights at 2 to 6 yr of age for Angus and Hereford cows were reviewed by Arango et al. (2002b) . The averages are less than those reported in this study. For crossbred cows from some of the breeds of sire used in this study, Jeffery and Berg (1972) compared two breeding systems in Alberta, Canada: 1) using only British genes (Hereford and Angus-Galloway) and 2) using a hybrid of British with continental breed crosses (Charolais-Angus, Charolais-Galloway). The difference was 22 kg at the average age, when the hybrid cross cows were heavier (550 kg) at 4.7 yr than the British cross cows (528 kg at 5.8 yr). Smith et al. (1976) reported weights of reciprocal HA females and cows with Shorthorn sires raised in Nebraska. On average, the reciprocal HA females were 6 and 3% heavier than the average of the purebreds at 550 d and 3¹⁄₃ yr of age, respectively. That result is similar to the 4 and 3% obtained here at 2 and 3 yr of age. They also reported that cows with Shorthorn sires (Angus and Hereford dams) were, on average, only 7 and 9 kg lighter than HA females at the same ages. Spelbring et al. (1977) reported from a diallel experiment involving Angus and Milking Shorthorn in Indiana that Shorthorn-Angus cows were 14, 20, and 15 kg heavier than Angus cows at 3 to 5 yr of age. Bowden (1980) compared a sample of HA and F 1 cows with Charolais, Jersey, and Simmental sires and Angus dams transferred from the GPE Program to Alberta, Canada. The Charolais-Angus cows were 53 kg heavier than HA cows at 2 yr of age. Nadarajah et al. (1984) reported that Charolais-Angus cows were 47, 58, 68, and 57 kg heavier from 3 to 6 yr of age than Angus cows. Montañ o-Bermudez (1987) compared HA (low milking), Red Poll-Angus (medium milking), and Shorthorn-Angus (high milking) cows in a study comparing crosses with differing potentials for milk production. Cows with Shorthorn sires were lighter than HA cows at 2, 3, and 4 yr of age, in contrast to this study, but in agreement with Smith et al. (1976) . Sacco et al. (1990) from a five-breed diallel (Angus, Brahman, Hereford, Holstein, and Jersey) experiment in Texas, reported that HA cows, on average, were 3.6% heavier than purebred Angus and Hereford at 2 and 3 yr, similar to the 3.4 and 2.1% at 3 yr in this study for reference and 1980s sires, respectively. The cows with Brahman sires were heaviest, averaging 44 kg more than HA cows. That difference was greater than for cows sired by the Bos indicus sire breed used here (Nellore), which were lighter than HA by 7 kg at 3 yr of age.
Estimates of breed-group contrasts for weight adjusted for condition score are given in Table 5 . Rankings of crossbred cows were the same as for actual weight, although breed differences (and significance levels) differed somewhat. Cows with Charolais and Shorthorn sires were consistently heavier (P < 0.01) than HA cows at every age, ranging from 22 kg for Shorthorn crosses at 2 yr of age to 72 kg for Charolais crosses at 5 yr of age. Cows with Salers sires were heavier than HA cows, but the difference was significant only at 5 (P < 0.05) and 6 (P < 0.01) yr of age. As for actual weight, cows with Nellore sires did not differ significantly from HA cows. Cows with Longhorn, Galloway, and Piedmontese sires were consistently lighter than HA cows by differences that ranged from 14 (Piedmontese at 6 yr) to 59 kg (Longhorn at 3 yr) and that were highly significant, except for Piedmontese at 5 yr and Galloway at 6 yr (P < 0.05) and Piedmontese at 6 yr (P > 0.05). The reciprocal HA cows, with reference sires, were heavier than the average of the purebred Hereford and Angus cows by differences of 4 to 15 kg, but the differences were significant only at 2 and 4 yr of age. Estimates of direct heterosis were between 2 and 3%, except at 6 yr of age when the estimate was 1%. The corresponding differences for cows with 1980s sires were less and were not significant at any age.
Cows with 1980s Hereford and Angus sires, averaged over straightbred and crossbred matings, were consistently heavier (P < 0.01) than cows with Hereford and Angus reference sires, by differences that ranged from 35 to 44 kg. Cows with 1980s Hereford sires also were consistently heavier (47 to 64 kg) than cows with reference Hereford sires (P < 0.01), which represents a positive trend for cow weight adjusted for condition score within the Hereford breed. The corresponding estimates for Angus were also positive for the 1980s sires but were significant only up to 4 yr of age. On average, cows with 1980s Hereford sires were 10 to 43 kg heavier than cows with 1980s Angus sires. The differences tended to increase with age and were significant for 4-yr-old and highly significant for older cows. Cows with Angus reference sires were 7 to 12 kg heavier (P > 0.05) than cows with reference Hereford sires, which is consistent with a greater trend for increased cow weight within the Hereford breed than within the Angus breed. Cows with Hereford dams averaged 4 to 9 kg lighter than cows with Angus dams with differences that were highly significant at 2 and 5 yr and significant at other ages. Smith et al. (1976) reported that reciprocal HA cows at 6 to 9 yr of age were 2% heavier than the average of the purebreds, a difference that was greater than the corresponding differences in this study at 6 yr of age. Nadarajah et al. (1984) found that Charolais-Angus cows were 61 to 77 kg heavier than purebred cows at 3 to 6 yr of age. Cow Height Table 6 lists estimates of breed means for height by age of cows. On average, cows of all breed groups gained only 1 to 4 cm of stature from 2 to 6 yr, reaching a maximum height at 3 yr of age and 97 to 99% of their final height by 2 yr. This pattern indicates that cows reached maturity for stature earlier than for weight, as in Cycles I, II, and III (Arango et al., 2002b,c,d ). On average, cows with Nellore and Charolais sires were tallest at every age and interchanged rank order from age to age (136 cm at 2 yr and 140 cm for Nellore at 4 yr). The second tallest group included cows with Shorthorn and Salers sires, which tended to have similar heights (134 to 137 cm). The next group included HA cows with 1980s sires and cows with Piedmontese and Longhorn sires (130 to 133 cm). The Galloway cross (126 to 129 cm) and HA cows with reference sires (126 to 128 cm) were the smallest cows. Cows with Nellore sires were taller than the Angus cows with reference sires by 12 to 13 cm at each age. A similar pattern was found for Brahman cross cows in Cycle III (Arango et al., 2002d) , indicating that heterosis from Bos taurusBos indicus crosses for stature may be relatively important.
Estimates of breed-group contrasts are in Table 7 . Cows with Charolais, Salers, Nellore, and Shorthorn sires were taller than 1980s HA cows at all ages (P < 0.01) by differences that ranged from 4 to 7 cm. Cows with Longhorn and Piedmontese sires were less than 1 cm shorter than HA cows. The differences were not significant at any age. Cows with Galloway sires were exceeded by HA cows by approximately 4 cm (P < 0.01). In general, breed group means for cow height followed a trend similar to that for means for weight. The only remarkable difference was for cows with Bos indicus sires (Nellore), which, although intermediate for weight (i.e., did not differ significantly from HA), were even taller than cows sired by Charolais bulls (the heaviest cows) at all ages.
On average, HA cows with reference sires were approximately 1 cm taller than the purebred (Hereford, Angus) cows until 5 yr of age, but the differences were significant only at 2 and 3 yr of age. Estimates of direct heterosis were less than 1% at each age. The corresponding estimates were even less for cows with 1980s sires and were close to zero (P > 0.05) at all ages. Cows with 1980s Hereford and Angus sires, averaged over straightbred and crossbred matings, were 5 to 6 cm taller (P < 0.01) than cows with reference Hereford and Angus sires at each age. Cows with 1980s Hereford sires also were consistently taller (5 to 7 cm) than cows with reference Hereford sires (P < 0.01). This difference represents an increase for cow height within the Hereford breed. The corresponding estimates for Angus were also positive (P < 0.01) but were less (4 to 6 cm). On average, cows with 1980s Hereford sires were taller than cows with 1980s Angus sires by differences that tended to increase with age and that were significant for 3-yr-old and highly significant for older cows. Cows Table 7 . Contrasts between solutions for breed groups (±SE), estimates of standard deviations (SD) from estimates of variance components, and estimates of heritability for hip height (cm) by age of cow with Hereford and Angus reference sires had approximately the same height (P > 0.05) at all ages. Cows with Angus dams were slightly, but significantly, taller than cows with Hereford dams until 5 yr of age. At 6 yr of age, they were not significantly different for height. A previous report from USMARC presented heights of Cycle IV heifers at 550 d of age (Thallman et al., 1999) and, on average, they were 2 to 4 cm less than for 2-yr-old cows in the present study, as expected for younger females. Rankings of crossbred females were the same in that study and the current study. Gregory et al. (1992 Gregory et al. ( , 1995 reported heights of purebred and composite cows from 2 to 7+ yr of age from the GPU Project at USMARC. Means for height ranged from 124 to 129 cm for Herefords and from 123 to 127 cm for Angus, similar to the means for cows from reference sires of the same breeds in this study. Means for height were summarized from literature by Arango et al. (2002b) and averaged 118, 121, 123, and 123 cm, respectively, for Angus cows from 2 to 5 yr of age, which, although smaller, followed the same general pattern as in this study. For Hereford cows, Brown et al. (1956) reported heights of 118 to 123 cm at 2 to 7 yr of age, Brown and Franks (1964) found a mean height of 120 cm at 3 yr, and Sacco et al. (1990) reported a mean of 122 cm at 2.4 yr of age. In general, those heights are less than the heights in the current study. In Australia, Polled Hereford cows were 129, 130, and 130 cm tall at 3+, 4+, and 5+ yr of age, respectively, (Meyer, 1995) , which are intermediate between the heights for cows from reference and 1980s sires in this study. From a study conducted in Texas, reciprocal HA cows were, on average, 2 cm taller than purebred Hereford and Angus cows between 2 and 3 yr of age (Sacco et al., 1990) . The Brahman-cross cows were 10 cm taller than HA, similar to the cows with Nellore sires in this study, which were 6 to 7 cm taller than HA. In a Canadian study, Jeffery and Berg (1972) , Charolais-Angus and Charolais-Gallo- way hybrid cows were 4 cm taller than Hereford-AngusGalloway cows at 2 and 3 to 4 yr of age. reported that Charolais-Angus cows (122 cm) were 5 cm taller than HA cows at 2 yr of age. Meyer (1995) reported that cows of a synthetic breed called Wokalup, with genes from Charolais, Brahman, Angus, Hereford, and Holstein, were approximately 10 cm taller than purebred Herefords in Western Australia after 3 yr of age.
Body Condition Score
Estimates of breed means for body condition score by age of cows are in Table 8 . Estimates fell within a narrow range of 5.6 to 6.9 points across ages and breed groups. On average, HA cows with reference sires had the largest scores (6.5 to 6.9) at all ages. The other crossbred groups interchanged rank across ages but, in general, had the following order: Galloway (6.4 to 6.6), Charolais and HA with 1980s sires (6.2 to 6.5), Salers (6.2 to 6.3), Nellore (6.0 to 6.3), Shorthorn (6.0 to 6.1), Piedmontese, and Longhorn (5.7 to 6.0). Purebred Angus and Hereford cows with reference sires had approximately the same condition scores at each age (6.2 to 6.8), which were slightly larger than scores for cows with 1980s sires until 5 yr of age (6.0 to 6.5). At 6 yr, Hereford and Angus cows from sires of both time periods had the same condition score (6.8).
Estimates of breed-group contrasts for condition score (Table 9 ) are less consistent than contrasts for the other traits. Cows with Galloway sires were the only group exceeding HA cross cows at all ages, but that superiority was significant at 5 and highly significant at 6 (P < 0.01) yr of age when greater than 0.25 point. Scores of cows with Charolais sires exceeded those of HA cows after 3 yr of age, but the difference was significant only at 6 yr of age (0.41 point). Cows from Salers and Nellore sires were not statistically different from HA cows at any age, except for Nellore at 2 yr of age (−0.24 point). Cows with the other breeds of sire had smaller scores than HA cows at all ages with differences that were highly significant (−0.29 to −0.63 point), except for Longhorn and Shorthorn after 4 yr of age.
Reciprocal HA crosses with reference sires had slightly larger condition scores (0.1 to 0.2 point) than the purebred Hereford and Angus cows, but the differences were statistically significant only at 2 (P < 0.01) and 3 (P < 0.05) yr of age. Cows with Hereford and Angus reference sires, averaged over straightbred and crossbred matings, had greater condition scores than cows with 1980s sires at all ages. The differences were highly significant (P < 0.01) at 2, 5, and 6 yr of age, when greater than 0.19 point. Cows with reference Hereford sires also had slightly greater condition scores than cows with 1980s Hereford sires. The difference was significant only at older ages (5 and 6 yr of age). A similar Table 9 . Contrasts between solutions for breed-groups (±SE), estimates of standard deviations (SD) from estimates of variance components, and estimates of heritability for body condition score (points) by age of measurements pattern was found for Angus cows, but the difference was significant at 2 yr of age (0.24 point) and highly significant at 5 and 6 yr of age, when greater than 0.40 point. Response to selection for production traits has resulted in taller and heavier cows with greater output and greater nutritional requirements, which appear to have been associated with lower condition scores. On average, cows with 1980s Angus sires had approximately the same condition scores as cows with 1980s Hereford sires. The same was true for Hereford and Angus cows with reference sires. On average, cows with Angus dams had slightly greater condition scores than cows with Hereford dams with differences (0.1 to 0.2 point) that tended to increase with age and which were highly significant at all ages except at 3 yr (P < 0.05). Gregory et al. (1992 Gregory et al. ( , 1995 reported condition scores of cows from 2 to 7+ yr of age of purebred and composite breeds for the USMARC GPU Project. Estimates ranged from 6.0 to 7.0 and from 5.6 to 6.4 points for Hereford and Angus cows, respectively. Condition scores were slightly greater for Hereford cows than for Angus cows at all ages, but differences were no greater than 0.5 point. Spelbring et al. (1977) reported condition scores from a diallel experiment with Angus and Shorthorn in which Angus cows exceeded Shorthorn-Angus cows by 0.2 to 0.7 point (5-to-15 scale) at all ages (3 to 5 yr), similar to this study, in which differences were 0.4 to 0.6 point for cows with reference sires. Differences for the more recent sample of Angus sires were less in the present study (0.1 to 0.3 point). Nadarajah et al. (1984) reported scores of 2.9, 3.1, 3.5, 3.4, and 3.4 (1-to-5 scale) points at 32, 44, 56, 68, and 84 mo of age, respectively, for Angus cows, which were slightly greater than the corresponding scores of Charolais-Angus cows (2.7, 3.2, 2.9, 3.1, and 3.1 points) at each age, except at 44 mo of age. Marlowe and Morrow (1985) reported condition scores of 2.6, 2.6, 2.7, 2.8, 2.7, and 2.7 (1-to-5 scale) points for 2-to 7-yr-old Angus cows in Virginia, in a study that also reported weight adjusted for condition score. Condition scores of 5-yr-old Hereford cows in Montana and Florida were reported to be 6.7 and 6.1 (1-to-9 scale) points, respectively, in a study of location by origin interaction (Butts et al., 1971 ). Benyshek and Marlowe (1973) reported a mean
